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FOREWORD

This report is the last in a series of atudies by Dr. Ear. Lackey,
formerly climatologist ir the Earth Sciences Laboratory, on methods of
predicting ciimatic prcbabilities fram incomplete data. In this study,
a method is developed vhich portrays effectively the behavior or
tesperature distributions umGer a wide variety of climatic conditions,
This enables one to make an effective ccmperison of these climatological
variations and also introduces a simple way of sxtrapoliting small
amounta of data to wvhat might result if larger amouits vere available,
by putting all distributions on a comperative basgia,

The approach used in this study is samevhat unconventional frow
the point ¢’ view of standard statistical procedures, but because it
does throwv _ight upon the bechavior of climatological disiributions it
is presente] here for considerstion by other investigators in this field.

L. W. TRUCEBLOCD
Director
Esrth Sciences Laboratory

APPROVED:

DALE 4., SIELIRG
Scientific Director

W. M, MANTZ

Brigadier General, USA
Comrnanding
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Extended experience in the ccnstruction ard use of several differ-
ent predictive nomographs ccvering a wide range of freguency distribu-
tions of verious types of weather and other phenomena, enggested che
probebility that a universal series of patterns of frequemcy distributions
might permeate the whole of nature. This study is based in part cn the
several nomographic patterns developed ip previous studies. It assumes
that 81l of the frequency dlstributions we are likely to encourter in
practical climatclogy, whether symmetrical or asymmetrical {skewed), may
be fairly well approximat~d by a femily of cumulative frequency curves,
provided they are plotted on such a scale thst 100 units represents the
vhole range of observational experience in each.

The predictive patterns in the General Nomograph and its assoclated
table depend for their operation on the numerical position of the mean
(averagzg beiween the two_extremes (maximum and minimum) in the frequancy
distribution, when the three related measures are reduced tc a 100-unit
scale. The means of frequency distributiors having various degrees of
gkewness lie along a disgenal line from the lcower left te the upper right
of the basic section of the nomograph. Other lines (curved) trace the
values of other percentile or fractional parts of the varlous distribu-

tions. The comstruciicn, use and reliability cf thls nomogrsph and its
assoclated table are given in this report.

Similar predictive patterns in sn Alternative Nomograph and its
assoclated table are identiried by the numerical position or: (1) the
mean maximum between the absolute maximum ané the mean minimum, or (2)
the mean minimum between the absolute minimum and the mean maximum, depend-
ing ou which extreme is being explored. A 100-unit scale based om the
above values 1s used in each case, The Alternative Nomograph thus illus-
trates the possibllity of using parametric data other than means aud ex-
tremes as the basis for & nomograph, if that should be necessary, or
should prove to be s better basis for frequency prediction.

The essential summarized <ata for use with either nomograph may be
secured from printed publications or “~m isothermal maps. How each
scurce of summarized data may be used, f~r retrieval or predictive pur-

poses; 1s shown and the results are verified by comparison witn recorded
data in the same vicinity.
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A GENERAL NOMCGRAPE FOR NORMAL AND SKEWED FREQUENRCY DIUTRIBUTIONS:

CLIMATOLOGICAL AND OTHER APPLICATIONS

Purpose and scope

This study offers a method vhereby the detalled climatic record may
be retrieved in part by use of a nomograpnic device in which summsrized
dats may be used effectively to reconsiruct the pztterns of vweather and
climatic phenomene Inherent in the record. The mean and the extreme
values which gre availsble in summarized climatie reconds are inter-
reloted 1n such a way that 1t is possible to discover from them the de-
talled frequencies of particular climatle values in the vast,

The operation of the namograpbic wethod presented here depends
largely on the asymmetrical or skewad position c¢f the mean of any glven
climatic frequency distribution as a neasure of centrasl tendeacy between
the extreme moximur and extreme minimm in a frequency distribmtion. In
using the method, those measures are arranged in a numerical s:quence
and converted to = 100-unit scale, the extremes of which axre ‘he extremes
of the distritution, 0 to 100, respectively.* A commendable feature of
the method 18 its adaptability to either manmusl or machine processing.

¥Tt 1s also possible tc base the 100-unit scale on vslues other than the

extremes of the distribution, and use the means of the extremes as
megsures of skewress., See Part V,




PART I. PRELIMIRARY CONSIDERATIONS

1. Some previcusly pubiished studies

A nomographic method for determining hourly distribution of tempera-
iture was published by Spreen in 1956 using the monthly mean, the mesn max-
acd the mean minimur as the essential measures (11).

Another nomographic method for predicting hourly distribution of tem-
p2reture was proposed by Lackey in 1960, based on 1G-year records, featur-
ipg monihly means and the asscciated ‘O-yea, extremes (5). A compenion
study appeared in 1964 for assessing the percentage frequency and probable
exxents of one-day rainfall, based on the mean monthly precipitetion, and
the maximum one-day rainfall, in a series of 10-year records {7). Other
studies bty Lackey dealt with maximum temperature rrctabilities (3) ard
sinims temperature probatilities (o, 9).

A vhole series of U.S. Weather BFuresu Techrical Papers is devoted to
the arelysis of veather snd climatic date. Seversl of these deal with
frequency and aresl distribution of temperature (12). Areal and frequency
distribution of prec pi tation is covered for most ¢f the United States in
Techrical Zeport Ko. 15 with its more than twenty-five sepsrate parts -
mostly by states.

A number of ir-hcuse U.3. Army Bandbooks (10) deal with the analysis
of climate st specific locations in different parts of the world. Bach
of these presents in graphical and tabular form, the frequency and level
of temperature distribution to be expectied for each month of the year.
Some data from three of thecse Handbcoks are discussed in III, 2, this

repory.

e Integrating Fea.ures

a. Nature apnd purpcse of the 100-unit scale

Very early in our st.dy of arithmetic we learned that in order
tc compare or comvine two or more fractiopal values, it was necessary to
reduce or change them o a comren Jenominatour. For example, 1/2 + 1/5
+1/10 = 5/10 + 2/10 + 1/10 = 8/10. ister, we discovered we could change
all fractiopal values to a universal denominator - the decimal fraction.
Mcreover, we learned also that we could reconvert any decimal fractior teo
an ~quivalent cowmon fraction with any chosen denominator. For example,

80 40 20 i 8 L 2 1
50725 20 710 "5 " 2.5 T 1.25°
These procedures offer a clue to what is proposed as a method for assess=

ing detalled probebilities from summarized data in which no two records
are alike, yet which do have some lmportant c¢lements in common.

2
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o. A symsetrical climatic frequency distributioa

In Seoul, Koreg, during a 10-July period (310 July daye) the
daily mean (IMn) temperature was TT°F, the absolute minimm (AbML) was
5T°F aad the absolute maximum (AbMx) was 97°F (5, £. 299). Because it
11es midway between the extremes, the value of the mean is 50 on the 10C-

unit scale. A shorter vay of stating that relationship is to call 50 g
converted mean (CMn).#

Hourly distribution of temperature in Seoul during Ju%y is as
follows: 1% of the time, 62°F or below; 10% of the time, 67°F or below;
50% of the time, T7°F or oeiow; 90% of the time, 86°F or be

low; and
of the time, G4°P or below. Those ected hourly frequencies happen
exp

to be quite symuetrically (nonmally) distributed, and ~orrespond well to
the CMn 50 frequency pattern on the homograph which is derived from the

well-established normal frequency distribution Tamiliar to statisticians.

€. A strongly skewed climetic frequency distributicn

However, rost distributions are asymmetrical (skewed). That is,
their CMn is higher or lower than 50. An exemplie of this is the April

ralnfail in New Orleans. At New Orleans during e 10-April reriod (30¢
April deys in 10 yeers) the monthly mean (MoMn) rainfall was L.9k"  eng
the l-day maximum (2-day Mx) wes 5.85". From the given data, by use of

1-day in 10 Apriie (1/300): 5.89"; 1 day in 5 Aprils (17150): 4,35
1 day in 50 Aprils (1/1500): 8.60"; 1 day in 100 Aprils {1/3000): q.90",
(See Avpendix B for detailed solution and computaticn of this example. )

The frequercy thus described 1s so far fron symmetrical that it
would be hard to deal -lth by reference

to normal probability distriby-
tions. But the nomograph breaks it down easily into & clear statement cf
probabilities.

d. Range of converted mean values from these studies

CMn values of the climatic frequency records, used ip
up the General-purpose type Nomograph developed
studies, have spanned the range 30 to 70 in temp
1 to 1k in a precipitation study (7). Evident symmetry of curves in the
basic section of the nomograph (Figure 1) has rerritted its completion
in the CMp 15 to 29 and T1 to 100 zones with considereble cenfidence,
even the.gh few actua]l climatic distribwtions probably fall in the CMn

setting
in this and previous
erature stuaies (5), ang

*See Appendix A for Aboreviations
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T0 to 100 range. Symmetry of pattern in the basic sectlon of Figure 1
seems due to the intended and actusl near-equivaience of predictive dis-
tributions to the actual frequency distributions of <limatic observations
on which the nomograph 12 based,; and thus by analogy, their equivelence
to actual distributicns at climatic stations published only in summarized
form. However, present proof of the validily c” the bssic section of the
nomograph will be limited here to examples of the empirical teste used in
this and prior studies,
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PART II. THE GENERAL-PURPOSE NOMOGRAPH

1. Its source and evolutioca

The integration of the nomographs used in the two studies mentloned
in Part I, together with conclusions derived from these two investigations
(5, 7) and associated extrapolations, resulted in a prototype genaral-
purpose nomograph similar to Figure 1. After testing and modifying the
prototype by use of numerous actual frequency distributions from world-
wide sources, both of hourly tewperature and l-day maxizum reinfallis, the
1efined instrument Figwre 1 evwlved. The frequency distribution of con-
verted predictive values (CPrV), as represented by the prediction pattern
»f each of the converted means (CMus 1 to 100) and assoclated converted
predictive vmalues {(CPrV O to 100), were critically examined by use of b
different types of probability scales.® An attempt was made to devise a
rathematical model from which the 100 CHn patterns of the nomograph could
be derived. But this did pot materialize. Consequently, the completed
nomegraph 1s empirically constructed, almost entirely. However, values

for CMn S50 and associated CPrV's closely approximate the values taken from
8 normal frequency table.

2. Descripticn of Nomograph and tabular equivalent

a. Baslc sectlon

{1) The nomograph

The square within which the Basic Section of the nomograph
is drawn messures 100 units both horizopntally and vertically. The verti-
cal lires represent 101 (O to 10C, inclusive) ronverted predictive values
(CPrv). The borizontal lines represent 101 (O to 10C, inclusive) con-
verted means (CMn), and the converted prediciive frequency 3istributions
\CPTVS assoziated with each of them. The curved percentage frequency
lines intersect botk the CMn and CPrV lines and thus identify the CPrV's
associated with particular probability values on each of the 101 Ckn
patterns. Each of the 101 CMn's on the nomogreph is assoclated with a
specific pattern of CPr values. For example, from left to right, the

¥Probability Scales:
1) Normal Protability Scale
2) Normal-Log Probebility Scale
3) Skew-log Probability Scale (lackey, referemce 3, Fig. 3)
LY wxtreme Probability Scale (Gumbel, reference L)
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horizontal line of the CMn 60 pattern is crossed by more than a dozen
curved percentage frequency lines at CPr values {vertical lines) as
follows:

C.5% of the time, CPrv 3 10% of the time, CPrvV 27
1% of the time, CPrv 1. 20% oz the time, CPrv 36
5% of the time, CPrV 1§ 99% cf the time, CPrV 95

99.5% of the time, CPrv 98.

The 0.323% and 99.677% are the minimum and maximum CPr volues, respec-
tively, for the period cf observation (1C years). The 3iegonal (lower
left to upper right) defines the asymmetry of each of the CMn patterns
anéd identifies the predictive pattern fur eaca of the 101 cumiative
series.

(2) The table

The predictive features of the nomograph are rumerically
represented in their entirety in Table I. For example, the CPrV 90% col-
urm, Basic Section, contains the 101 CPrV's, each assoclated with 25
curved percentile lines on the nomograph. It is easy to see in the mumeri-
cal ta>le how each of the predictive patterns differs from every other
one, and that each cumulative series in the Basic Section accumulates to
100,

The diversity of the frequency patterns that the nomograph (Fig. 1)
apd associated table (Table I) afford is illustrated dlagrammatically by
the three curves in Figure 2.

FIGURE 2: DIAGRAMMATIC SKETCH OF THREE
REPRESENTATIVE PATTERNS OF CONVERTED
FREQUENCY DISTRIBUTIONS

Araa under sach curve

is 1CO tonverted vnits

UNIY SCALE

VALUES ON 100
=

<P
I

03230385 ! 3 10 20 30 <0 350 60 70 80 90 o3 99 99 % 99 47
PERCENTAGE FREQUENCY OF CPr VALUES

FPigure 2
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b. Extrapolated section

(1) The nomograph

The 101 patterns of converted means (CMns) with their series
of cumlated converted predictive values {CPrV's, O to 100) each repre-
sents & frequency distribution which becomes attenuated from the CMn
tovard its extremes, but does so at a decelerated rate. A frequency of
1 day in 1 January (1/31) is 3.23% of the time; 1 day in 10 Januaries
(1/310) 1s 0.323% of the time; 1 day in 50 Januaries (1/1550) is .O064%

o? the time; 1 day in 100 Januaries (1/3100) is 0.0323% of the time. This
represents deceleration toward infiunity. This decelerated decline of fre-

quency in the 10~year record (CPrV O to 100 for each CMa value) is con-
tinued in the Extrapolated Section of the nomogreph and extends to cover
climatic frequemcy probabilities to 100 years (for particular months) by
decade accretions.

Thus, we can trace the CMn 6D pattern (mentioned in Basic Section
above) beyond the 100 CPrV limits to include 20- 30~ 4O~ 50- 60~ TO- 80-
90~ and 100-year probabilities with reference to specified months. The
extrapolated CPrV's above CPrvV 100 for CMn 60 are 103, 105, 107, 108, 109,
110, 110, 111 and 112, respectively. The decelerated trends were derivea
by reference to long period extremes at numerous stations and also by use
of several probability scales (see footmote, II, 1).

(2) The table

4s 1n the Komograph, the Extrapolated Section of the table
is & contibuation of the Basic Section, and extends to cover Irequency
probabilitics by decades up to 100 years. Thus, for the CMn 60 peitern
we follow the .ine 60 from the left margin toc the required (e.g., 50-yr.,
100-yr.) column heading in Extrapolated Section. Valres more th.- 100
are the CPrV's. (Valr-s less than 100 in Extrapolated Secticn are ex-
prlained in the Iden.ification Section comments belrw.)

c. Jdentification section

(1) The nomograph

The Basic Section of the momograph was coustructed from
10-year records. The trend of converted predictive values cn the nomo-
graph and in Table I, therefore, is geared only to 10-year summary records.
What is to be done if ome must use & 60-year summary record? The Identi-
flcation Section is designed to cover such contingencies.® ILet us assume
that a given 60-year record has a converted mean (CMn) of 45. To identify

#See reference 9, Part IV, for full explanation of Identification Section.

12
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the 10-ysar equivalent pattern for this (Mn 45 in Figure 1, fcllow the
vertical 60-year line (Identification Sectim? downward to borizomtal line
CMn 45, From here follow the nesrest sloping line to the 10-ysar vertical
line on the left margin. It emerges here on OMn S0. For predicticm pur-
poses the 10-year CMn 50 pattern of CPrV's should be used as the eguiva-
lent of the CMn 45 pattern of CPrV's associated with the 60-year record.
In line manner the 10-ysar equivalent (OMn pattem may be identified for
the (Mn pettern of CPr values for any length of record up to 100 years,

(2) The table

The same results may be achieved by use of Table I. Just
follow down the &0-year column (Extrapolated Sectiomn) to the 6C-ycar
Period Converted Mean (PCMn) nearest 45. (PCMn's are the values in the
Extrapolated Section that are less than 100.) The figure nearest to 45
in this colum happens to be 45,0, which is the line or pattern of CPrV's
assoclated with the 1C-year CMn 50 {far left colurn). Therefore, the
10-year ecuivalent CMn 50 pattern of CPrV's is to be used in camputing
probebilities. (See Appendix C for example using Identification Section.)
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PART ITI. SOME CLIMATOLOGY FREDICTIONS AND THEIR RELIABIIITY

1. Assessing rainfaii probabilities

Several =xamples of using the meen and two axtremes wiih a Gemorel-
purpose type Hotogreph to predict frequancy ani probable smount of l-day
rainfall sare giver ip Reference 7. An aysmple of this type iz solved in
Appexdix B.

2. ¥Validation of certain r:infall predictions by handbock data

Manually tatuiated and grsphed climatic data for lov, middle and
high latitudes are givm in three Army nandbooks: Cristobal, Canal Zone;
Devils lake, Fort: Dakota; and Fort Churchill, Man. (16). Teble IX gives
rainfall data from graphs in these handbocks (“Actual”). Alsoc showmn are
corresponding predictod values (“Predicted”) reirieved by use of the three
items of summarized data (AbMx, AbMi and IRf), and the Gemeral-purpose
Nomograph. The months chosen represent months of the wet or the dry see-
sons of tke year., The predicted lues rvn to 100 years. The grephad
values cover only years of sctual record.

The iifferences between the predicted and the actual (tabulated) are
not greater than would be expected. In gemernl, the predictioms call for
a few anre days c¢f low rainfall than .he tabulated records indicate.

3. Otker Xinus of climetology prob.iems

Using the mean and two extremes and the Jeneral-purpose Nomogrsph
to wseess hourly t rature probabilities is discussed in Referemce 5
{mentioned above inm I, 25). An exazple of hourly temperature frequencies
is als3o discussed later in this report (VI, 3) and a detailed solution
glven ir Appeadix C.

Summarized datsa are avallable for acsessing probable percentage data
for Jirst k’1ling frosts of Autumn, and last killing frosts of Spring;
for the clasipg of harbors and rivers by ice in Winter and their opening
in Spriug; and for many o*her kinds of summarized atmospheric phenomena
in whkich only mean and extremes are given,

1h
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PART IV. ILLUSTRATIVE USES FROM IRDUSTRY AND PSYCHOLOGY

Many kinds of swmperized data are amenable to this nomographic wethod
by which frequency distributions may be resolved. If the mean, the ex-
tremes, and length of record are glven, the percentage frequency and levels
of occurrence may be retrieved or predicted with considerable confidence.
Two examples are given below.

1. Comparative screwdiriver temsile strengths of slotted heads of valve
caps

A poteatial customer (such as the U. S. Army Materiel Command)
desired to know the screwdriver tensile strength of samples of the slotted
heads of valve caps of two competiug companies. In thLe given situation
the slotted heads of the screw caps could not tolerate tensions greater
than 200 1b., and required a minimum strength of at least 140 1b. for
satisfactory operations.

Company A: In & 34 valve-cap sample of this company the mean strength
was 153 1b., the maximum was 181 1b., and the minimum was 130 1b.

Company B: In a 36 valve-cap sample of the competing company the
mean strength was 138 1b., the maximum was 203 1b., end the minimum war
6€ 1b.

Using these data end the tabular equivalent of the Generel-purpose
Nomograph (Table I}, the frequency distribution of tensile strengths was
predicted. The frequency distribution in Company A (34 sample records)
followed pattern CMn 48. The frequency distribution in Company B (36 sam-
ple records) fcllowed pattern CMn 57. The predicted distributions are
glven in Table ITII.

Table IZI. Predicted Frequency and Amoust (in 1b) of Temsile Btrength of Slotted Keads
of 2 Competing 7Valve Caps (Screwdriver Yaive Tests)
Company  .0323% 1% 10% 20% 30% bLO% 50% 60% 70§ 80% 908 995 99.84% 99.89% 99.92% 99.95k% 99.968%
A 130 133/1k0 1k& 145 149 153 156 161 1€’ 167 175 180 181 183 185 166/
B 66 TT 99 10y 118 127 138/187 156 16k 173 167 1977 201 203 205 210

Underlined figures represent maximm values
Brackets inclose tolermnce raage /140 - 200 b/

1t




It is evident from Table III that 90% of Company A valve caps were
within the required renge (140 toc 200 1lb.), and that only 50 of Company
B valve caps were within this range.

It is conceded that it may seem odd to construct fram ciimstic dats
a predictive namograrh, and then use it in apnlicsiion to industrial
data, But we do use means; standard deviations, etc., regularly ss uni-
versal measures of dispersion. It 1s suggested thet patterns of asymme-
try, in generel, are amensble to many more applications.

v g T CRR TR TSI

2, Scores on Army Alpha Test

The summery of scores fram an Army Alpha Test given to & group of
54 Army men was ag follows: meximum score 20L, mean score 172, and min-
{mum score 126 (3). Assuming this to be representative of 10 repeated tests,
what are the probsble results to be expected at various percentages of
the time?

In solving this problem, the converted mean of 61 is used (CMn = 61).
Therefore the CPr values in the CMn 61 pattern of Table I (equivalent of
the Nomograph) were used tc compute the probable percentages of frequency
scores. These were found to be: 10% of the men should score 14T or
lower; 20%, 154 or lower; 30%, 160 or lower; 50b, 173 or lower; 70%, 182
or lower; 90%, 191 or lower. That is, only 10% of the men should score
191 or zbove.

If the test had included a larger proportion of easy questions, then
the CMn might have been higher, perhaps as high as CMn 8C or 90, The
converse probably would happen if there had been a lerger proportion of
difficult questions in the tests. Or if tnere hed been & large number
of such tests, the extremes would probably te more attenuated--perhaps
having the maximunm higher, and the minimum lower. Then a different
namographic pattern, selected by means of the Identification Section,
would be used for predictive purpcses, but the distribution pattern would
still te approximately as asymmetricsl.

17
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PART V. THE ALTERNATIVE NCMOGRAPH

1, Essential date and theory for constructing and using

In sumarizing data in whica extremes are critical factors, it is
often desirable to know the averages of the extremes measured. There-
fore, mean maxima (MMx) and mean minina (MMi) for given month(s) are often
listed in summary reccrds. The extreme mastimum and the extreme minimmum
tempersture for January each usuelly occurs only once. On the other band,
in January over & period of 50 yeers there are 1550 daily mexima and 1550
deily minima. The averaging of these gives a January mesn daily msximm
(MMx) and & January mean daily minimum (MDMi) each of which is & more
stable value from which to measure frequency of daily extremes than any
one of its numerous components. It 1s proposed, therefore, to construct
an Aiternative All-purpose Namograph using these two means (MDMx and MDMi)
as relatively steble anchors in the abbreviated record from which the fre-
quency of oscillating extremes may be messured.

In such a nomographk the frequency distribution assoclated with the
oscillating daily minimum would be measured, located by reference to a 100-
unit scale extending from the converted mean daily maximm (CMDMx) = 100 to
the absolute minimum (AbMi) = O. Thus, the converted mean daily minimum
(CMDMi) serves to identify the pattern of CPrV's to be used for predictiv-

purposes.

For purposes of predicting the frequency patterns associated with
daily mexima or nminima, the range should rerhaps be measured from one
absolute extreme ge g+, AtMx) in a given period of time to the mean of the
opposite extreme (e.g., MDMi) instead of measuring from one absolute ex-
treme to the opposite absolute extreme as in Figure 1, W2 have in Figure 3

such & nomograph. Its construction and use are in most ways analogous to
that of Figure 1 of the present study.

2. Previous studies used, and range of converted metn extreme.

Two studies (6, 8) served chiefly as guides in constructirg the pro-
totype for Figure 3 {(Alternative Nomograph). The CMn patterns for the
former (CMDMi in reference 6) ranged from CMn 20 to CMn 55, and the CMn
patterns for the latter (CMDMx in reference 8) ranged fram CMn 36 to
CMn 80. (The twc series of patterns overlap from CMn 36 to CMn 55.) This
left CMn O to 2C and CMn 80 to 100 to be developed. The extrapolations
were achieved by use of several differing probability scsles (see foot-
note II-2), by searching out some extreme types of distributions, and
considering some wnusual btut theoretically possible situations, [or =x~-
ample: & case in which either one or the other or both extremes ‘n several
or all of the distributions ran into stationary or fixed limits, Or a
situation in which a very potent variable synchronized with other high
variables only once or twice in a large number of distributions. In some
such cases extremely skewed or asymmetrical distributions might, probably
would, occur. In situations like this, converted mean patterns might run
high, say 85 to 100 or perhaps low - O to 15.
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3. Examples of use in predicting

Reference 4 contains several examples of the use of a nomograph
gimilar to this to predict probable frequency of occurrence of daily max-
imum temperatures. For these the summarized data are: AbMx, MIMx and
MIMi. Reference 9 gives an example of predicting probable frequency of
daily minimm temperatures. For these the essential dets are: AbM1,
MDMi and MIMx.

In part VI, 4 of this report January minimm tempersture probabili-
ties are given for certain degree gquadrengles in Germany.

4, Tebular counterpart

In Table IV the predictive features of the Alternative Nawograph are
mmerically represented in thelr entirety. See Part II, 2 of this report,
for a generalized explanation of the sections of the table,

5. Differences between the two nomographs

The nomographs are conertructed from snd used with different items of
essential date, as explained above and summarized in VI, 2 below.

In the General-purpose Nomcgraph, the predictive curves are given in
the usual percentages (1%, 5%, 10¢ 20% . . . 1004). In the Alternative
Nomograph the predictive curves are given primarily in frequency in days
(25/31, 20/31 . . . 1/3100) with the corresponding percentages (80.6%,
64.5% . . . 2.032%). The latter nomograph hes certain advantages for
solving climatology problems.

Of course 1t is immateriel whether the percent frequency curves are
arranged fram Q to 100 or Jrm 100 to O, since on occasion each curve is
used as value X or as 100 - X,
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PART VI. U2 (F THE IKMOGRAPES WITH ISOTHERMAL MAPS

The nomographs described have special significance ss applied to
climatic data. Let us illustrate one use, pctentially world-wide, by
applying it to a specific couniry - Germaxy.

1. Constructing isothermal naps of essentizl data

Summarized temperature data from 75 weather statlions in Germany
(Fig. 4) =nabled us to comstruct 5 January isothermil maps of the .ounmtry
based cn more than TO 50-year records:

AbMi (Pig. Sa); MDML (‘1'18 5b); MoMn ()Pie 5¢);
MMx (Pig. 53); AbMx (Fiz. Se

2. Predicting frequency distribution of (January) tesperatures

With these maps of essentlsl data and the appropriate nomcgrasph, we
can predict the bourly frequency distribution of January temperature for
any given place in Germany.

¥hich 3 1imms of essential dats we use will deperd cn vhich namograph
wve intend to use. These would be:

For the Geperal-purpose Nomogreph:
AbMx  Yoltn  AbML
For the Alternative Nomograph:
ATMi MIMi MM or AbMr MMx MM

For solving the present problem, the Gemeral-purpose Komograph wvas selected,
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The Stuttgart area* of Germany was a random sample to test the use
of isothermal maps for predicting hourly distribution of temperature.
The required essential data for the Stuttgart area are:

AbMx = S8°F MoMn = 3C°F  AbDML = -L°F
The above-listed summarized data for the Stuttgart area may be used
with the Generwl-purpose Nomograph to assess the frequency and amount of
January temperatures. From the 50-year map data hourly temperature fre-
guencies were predicted.# These a.>» given in line F of Table V.

3. Relisbility of predictions for Stuttzart ares

In Table Vv, line D gives the observed hourly frequercy record,
machine-igbulated, for 5 Janugries.¥¥* ILine E gives the hourly frequen-
cles from the S-year summary record.ir line D.

It is believed that the predictions i~ line F, made from th2 50-
year map data, are just as good or better for operationsl prpcses than
the recorded hourly frequencies from the original 5-year mechine-tabulated

—

records or the predictions from the 5-year summarized records.

L. Conmstructing maps of tempersture prodatilities

Jet us iilustrate one use for the temperature probebilities developed
from essential data by using the Nowograph. Supnose we wish to construct
a January map of Germany showing thie minimum tempersture probabilities
for 9.7% of the time, or 3 days in January. This will be done in the

following steps:

a. oSecure essential data

We have decided to use the Alternative Nomograph, so we will
need MDMx, MIMI and AbMi. We will secure these =ssential data from the
vertex cf each degree quadrangle., For example, quadrangle A, on Figure
5d, 5b and 5a. Table VI gives the essential data so secured.

*This is an area where hourlyv records have ..°n kept and tsbulsted
vwhich are of sufficlent length to lend validity to the present nomo-
graphic mfchod. It should be noted, especially, that the predictions
are not for the Stuttgar® weather station, but represent the general
area in the vicinity of the relevant isctherms.

#See Appendix C for detailed steps in predioting
*#¥Tabulated at Asheville, N.C., for Weather Corporation of America (WCA)
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b. Compute and tabulate prrra=hle frequencies

Using the Alternative Nomogreph, the probabie frequencies of
daily minimm temperature were computed for quadrangle A. (See Table VI.)

In the same wey the data and probable frequencles were obtalned for
each degree guadrangle (B, C, etc.) and tsbulated, as indicated on Table
VI.

We are here inmterested in 9.7% probabilities, so we underline these
in the teble (Tah®le VI). These underlined valuves will be used in con-
structing the 9.7% probability map.

c. Construct the probability map

On the map of Germany, at the various guadrangular vertices, plot
the 70 or more minimum temperature values shown In the 9.7% (or 3/313
column, that is, for quadrangle A = 1G; B = 10 and C = 6, etc. Draw ti-
9.7% isotherms through and among the plotted ninimum temperature values.

This is the 9.7% map, and chows tae minimum *emperature to be ex-

pected at least 5 days in January in evrry part of Germany.

d., Wider application

0f course, corresponding maps can be drawn showing minimm tem-
peratures to be expected for any level {80.6% to 0.032%), i.e., from 25
days in one January to 1 January day i1 100 years or 100 Januaries,

The above procedures could be followed in constructing meps fes*ur-
ing frequency of daily maximum tempers:ure levels (using MDMi, MIMx and
AbMx data).

Similar procedures could be used for rainfall, or other clims’ic
deta., Or the procedures could be adap:ed to use of the General-purpose
Ncmograph and its appropriate ersential date (AbMx, DMn, AbMi).

This procedure is applicable for iny part of the world where essen-
tial summarized climatcliogy data are asallable.

It is believed that the temperature data derived frcm such maps is
sufficiently reliable to fall well witiin the calculated r.sks of mili-
tary expediency, and may be 1sed with conridence at least until better
criteria are found and evaluated.




Summary

A, The value, use and construction of the 100-unit nomographs pre-
sented in this study are based on the assumption that the frequency dis-
tributions of measures of given phenomena differ from the normal accoxrd-
ing to patierns which are more or less inherent in thelr summery measures.
The conmstruction of the two nomographs depends largely on which values in
the summaries are utilized as parameters in their mmke-up.

In Figure 1 and Table I, the 101 converted mean patterns (CMn),
each with 1ts unique series of ccnverted predictive values (CPrV), depend
for their utility entirely on four {4) parametric values. These summary
measures are:

AbMx -~ Absolute Maximum
AbMi - Absolute Minimum
Mn - Mean or Average

-~ Length of Record

Giv.a these L parametric measures, commonly available in summarized cli-
nmatic records, t. ' approximate detalls of a climatic record may be
retrieved.

B. Some categories of summarized deata inciude the average or mesn
cf a series of extremes, i.e., the mean maximum (MMx) and mean minimum
(MML). In this case, these two parsmetric values together with the ex-
tremes may be used in the construction of the Alternative Predictive
Fomograph (Figure 3).

Theoretically, the prediction from the two nomographs should
agree {approximately) when applied to a given summary record. The anchor
position (CMn = O and CMn = 100) from which all probabilities (CPrv's)
are reasured in Figure 1 is either the absolute meximum or absolute mini-
mm; this is not as stable as the anchor position of mean maximum (MMx)
or mean minimum {MMi) as in Figure 3.

C. Tne author helleves that these two nomographs are fairly good
instruments, but shouia be considered tentative, and should be subjected
to rigorous tests and subsequent revision. Therefore, this investigator
invites and welcorm>s suggestions for the revision or wmodification of these
two prognostic instruments.
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AbkY =

MoMn =

5
%

CMDM1

PRECEDING
PAGE BLANK

Absolute buximm

The highest measure recorded in a given series of observa~
tions of a climatic or other variable.

Absolute Mirximum
The lowest measure recorded in & given series of observations
of a climatic ¢t other variable.

Mean
The sux of a series of measures divided by the pumber of
measures, to give the average value.

Mean
The average of a glven serles of daily measures.

Morthly Mean
The mean of & series of monthly averages for a given month
in each yeer of record.

Mean Daily Maximnm
The average of the dally maxima ({n this study, for & given
month only in each ye.r) during the pericd of record.

Mean Daily Minimum
The average of the daily minima (in this study, for a given
month only in each year) during “he period of record.

Converted Absolute Maximm
The AbMx changed to 100 on the 10G-unilt scale,

Converted Absolute Minipnm
The AbMi changed to O on the 100-unit scale,

Converted Mesn

The meen occupylng the same relative pcsition between ex-
tremes as in unconverted observations, but expressed &s a
value on the 100-unit scale between O (CAbMi) and 100
{CAbMx ).

Converted Mean Daily Minimum
Average of the reduced daily mirims converted to the 100-
unit scale a8 in Teble IV.
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Converted Mean Daily Maximm
Average of the requced daily mexims convrerted to the 100~
unit scale as ip Table IV.

Converted Predictive Values

The cummlative frequency predictive values associsted with
each of the 101 CMn's (left margin Table I and Table IV),
e.g., CPrV's on line Cn 60.

Period Converted Mean
See footnote Table I and Table IV.
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APPRFDIX B

PRCBLEM SOLUTION: ASSESSING FREQUENCY AND PROBABLE AMOURT
OF 1-DAY RAINFALL, USING GEKERAL-PURPOSE NOMOGRAFH

In this type of problem, we ere given the l0-year reccrd and use
the Extrapolated section of the Nomograph or its essoclated Table to pre-
dict for decades beyoud 10 years. The specific subject, April rainfall
in New Orleans, was previously discussed (see Table I, ref. T), but in
the following protlem the prescent Nomograph (Fig. 1) was used.

1. Statement of problem

Given: At New Orleans during & 10-April period (300 April days in
10 years) the monthly mean (MoMa) rainfali was 4.94" and the l-day maxi-
mum (1-day Mx) was 5.8".

Required: %t is the probsble l-day maximum April rainfall to be
expected in 20 years? 50 years? 100 years?

2, Solutilon of problem

a. Fipé the CMn (1-day converted mear)

Formula:

- 100 (MoMn)
1- CMn =
azy 30 (10 April 1-day Mx)

(substituting)

299_%5;53% = 2.8l or3
3¢ (5.

Therefore, l-day CMn 3 pettern of CPrV is to be used for
predictions.

b. Find the CPrV's

On the Ceneral-purpose Nomograph, follow along CMn 3 from the
Jeft margin to its intersection with the 20-year curve, thence upward
to 124; to the intersection with the 50-year curve, thence upward to 1i6;
apd for the 100-year curve, thence upward to 168. These are the converted
predictive April l-day rainfalls. These rPryTs are more easily found on
the equivalent table. Using the Chu pattern of 2 in Table I, follow along
from the left margin until under column head for 20 years: 12k; for 50
years: 1L€; and for 100 years: 168. T

by




Reconvert to comventional messures (inches)

Foomalae:

1-day maximm = (20 L Jec) (CPTV
100

20 April 1-day Max = 5_32;_6(01_21‘). = 7.30" at least

50 April l-day Mx = Ly_lio_é};‘iél = 8.60" at least

100 April 1-day Mx = 5__39.1.6%&6_‘.31 = 9.90" at least
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APPENDIX C
PROBLEM SOLUTION: ASSESSIAG TEMPERATURE FREQUEN"TES, BACED ON 50-YRAR
SUMMARY RECORDS, USING GENERAL-PURPOGE »l “OGRAPH
This 18 a step-by-step #oiution of the problem discussed in VI,2 of
this report, with resulta given in Table V, line P.

1. Statement of problem

Given: The following essential data from isothermal maps,
Mge. 5 e,0,a

AtMx = 58°F MoMn = 30°F ADML = -h°F
Required: To assess the percentage frequency of Jamuary daily
temperatures, based on 50-year summary map records, for the viciniiy of
Stutigart, Germany.

2. Solution of problem

a. Reduce the 3 items by subtracting each from AbMx, so tbat:

AbMx = 0O MoMn = 28 AbMi = 62
The 50-year range is G62F°,

b. Find the 50-year Chn

Formula:
100 ( MoMn )
PChn =
Range
(Substituting)
= 100 28 - hs . ?

FCMn 45.2 1s for a 50-yr period record.

¢. Find the 10-year CMn pattern equivalent to PCMa 4%.2

In Table I, follow down the 50-yr column series of FCMn's
(figures less than 100) to the one nearest 45.2. This is 1S 5 und is
found associated in the 10-yr table (follow line to left margin) with
the CMn 50 pattern of CPrV's.
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The 10-yr CMa 50 pettern will serve for prediction purposes.

¢. Find the required CPrV's

On Table I, on the CMn 50 line, find the requirad CPrV under
the appropriate columm heading, e.g., 30-yr CPrV = 107; 50-yr CPrV = 110;
100-yr CPrvy = 115.

e. Find wvhat the 10-year range would be; corresponding to 50-yr

range (60°F)
Formula:
10-yr range = 100 (S0-yr range)
vE 50=yr CPrv
(Substituting)

= 100 {(62) _ ¢
75 = 56.4

f. Find required percentage frequency temperatures

Formula:
Percentage frequency temp. = 50-yr Abtx - O02¥T rang:;o(CPrv‘s**)
(Swvstituting)
For 1 day in 30 yeare = 58 - 26:% (0T} - .2

100

) - . 56,4 (11 - -
For 1 day in "0 years 58 5 7

These and other frequencies are given in Table V.

#As in step e above.
*EAs in step d above.
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